Objective To estimate the relation between alcohol consumption and risk of death, the level of alcohol consumption at which risk is least, and how these vary with age and sex. Design Analysis using published systematic reviews and population data. Setting England and Wales in 1997. Main outcome measures Death from any of the following causes: cancer of lip, oral cavity, pharynx, oesophagus, colon, rectum, liver, larynx, and breast, essential hypertension, coronary heart disease, stroke, cirrhosis, non-cirrhotic chronic liver disease, chronic pancreatitis, and injuries. Results A direct dose-response relation exists between alcohol consumption and risk of death in women aged 16-54 and in men aged 16-34. At older ages the relation is U shaped. The level at which the risk is lowest increases with age, reaching 3 units a week in women aged over 65 and 8 units a week in men aged over 65. The level at which the risk is increased by 5% above this minimum is 8 units a week in women aged 16-24 and 5 units a week in men aged 16-24, increasing to 20 and 34 units a week in women and men aged over 65, respectively. Conclusions Substantially increased risks of all cause mortality can occur even in people drinking lower than recommended limits, and especially among younger people.
Introduction
Alcohol consumption increases the risk of various cancers, hypertension, liver disease, unintentional injuries, and violence. 1 2 Definitions of light and moderate alcohol consumption vary, but these levels of consumption are generally found to decrease the risk of ischaemic heart disease. [2] [3] [4] [5] [6] For all cause mortality the relation is typically U shaped, with non-drinkers and heavier drinkers having higher risks than light and moderate drinkers. 2 7-9 The royal colleges of physicians, psychiatrists, and general practitioners have therefore advised men and women to drink less than 21 and 14 units a week, respectively, whereas the UK government has recommended no more than 4 and 3 units a day, respectively; 1 unit is 8-10 g of alcohol. 10 11 However, the levels giving the lowest or a low risk are likely to vary with age as well as sex and have not been systematically quantified. 12 We used statistical models relating alcohol consumption to the risk of death from single causes to estimate the all cause risk for men and women of different ages in England and Wales.
Methods
To compute risks of all cause mortality we required data on cause specific relative risks, distribution of alcohol consumption, and distribution of causes of death.
Relative risks
Three reviews have quantitatively related alcohol consumption to comprehensive lists of causes of death.
1 13 14 The most appropriate review for our study was by Corrao and others because it included more recent studies, assessed study quality, and estimated risk as a function of alcohol consumption. 14 Corrao and others systematically identified epidemiological studies relating incident disease or death to reported alcohol consumption for each of 15 groups of causes of death (table 1). 14 A second paper dealt with ischaemic heart disease. 15 Studies were independently assessed by two raters. The authors excluded studies with low quality scores and studies unadjusted for known confounders when the relative risks differed significantly from better studies.
Corrao and others described each cause specific risk by way of a linear, quadratic, or cubic function of alcohol consumption, or, for ischaemic heart disease, a model involving linear and square root terms. They reported results separately when significant differences were found between Mediterranean and nonMediterranean countries, case-control and cohort studies, incident disease and death, or men and women: we used the results for non-Mediterranean countries, cohort studies, and deaths. Otherwise we used the pooled results. We expressed alcohol consumption in units a week, taking 1 unit as 9 g of alcohol. 16 We excluded from our analysis gastric and duodenal ulcer because Corrao and others found a small and non-significant protective effect. They also found a positive association between alcohol consumption and ischaemic stroke, contrary to other reviews. 17 18 In a sensitivity analysis we therefore assumed no association. In other sensitivity analyses we excluded breast cancer because its association with alcohol con- sumption may not be causal, and we used alternative risk functions for ischaemic heart disease and breast cancer, derived from the work of English and others (fig 1) . 1 19 We did not include other causes of death for which alcohol consumption is necessary, such as alcohol dependence syndrome, because they are unlikely to occur at the levels of consumption considered. Figure 2 shows the cause specific relative risks by alcohol consumption used in our analysis.
Alcohol consumption
Alcohol consumption was reported by respondents aged 16 and over in the 1996-7 general household survey. 20 We computed the proportions of men and women in England and Wales drinking 0 units of alcohol a week, drinking occasionally (taken as 0.25 units a week), drinking from 1 up to 100 in increments of 1 unit a week, and drinking more than 100 units a week, for age bands 16-24, 25-34, 35-44 , and so on up to over 85.
Mortality
We obtained data on mortality for England and Wales in 1997 by sex and 5 year age bands from the Office for National Statistics. 21 We combined deaths into the same age bands as alcohol consumption.
Routine classification of deaths from stroke as ischaemic or haemorrhagic is unreliable, so we assigned total reported deaths from stroke according to the work of Bamford and others, who found that 67% of all strokes at age below 45 were ischaemic, increasing to 92% at age 85 and over. 22 The same authors found that 60% of all deaths from stroke in the first year were ischaemic, and a further sensitivity analysis applied this lower fraction at all ages.
Pooling causes
We estimated absolute risk functions from the relative risk functions for each sex, age band, and cause by using the observed number of deaths and the distribution of alcohol consumption (box 1). We summed the absolute cause specific risks to get all cause mortality for each sex and age band (fig 3) . Cause specific relative risks were assumed independent of age, so age differences in all cause relative risks reflect differences in distributions of causes of death. The nadir is the level of alcohol consumption at which all cause risk is lowest. 16 Uncertainty in the relative risk estimates is a major source of overall uncertainty. 23 We derived confidence intervals reflecting this source of uncertainty only (box 2). Figure 4 shows the relation between all cause mortality and alcohol consumption, by age and sex. The absolute risks vary widely (table 2) , so we show all risks relative to non-drinkers. For women there is a positive relation up to age 35-44, but the U shape appears from age 45-54. For men aged below 35 the curve is steeper than it is for women, but the U shape appears at age [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] , and the reduction in mortality in the lightest drinkers is larger and is sustained up to higher levels of consumption than for women. Drinking at the royal colleges' recommended limit increases risk by 9% in women aged 16-24 and by 23% in men aged 16-24. For government limits these figures are 15% and 32%, respectively. Figure 5 and table 2 show the estimated nadirs. The nadir increases from 0 at ages 16-34 to around 3 units a week in women and around 8 units a week in men aged over 65. The 95% confidence intervals around the estimated nadirs are narrow, but they account only for uncertainty in the relative risks. The 5% bounds are the levels of alcohol consumption at which risk is no more than 5% greater than the risk at the nadir. For women the 5% bound increases from 8 units a week at ages 16-24 to around 20 units a week over age 85. For men it increases from only 5 units a week at ages 16-24 (reflecting the steeper slope of the risk curve in young men compared with young women) to 30-35 units a week over age 65.
Results

Alcohol risk relations
Estimated nadirs
Sensitivity analyses
The alternative risk function for ischaemic heart disease lowers the nadirs, for example from 8 to 5 units a week in men aged over 65 (table 3) . The alternative way of splitting deaths from stroke lowers the nadir for men aged over 75. Assuming ischaemic stroke to be unrelated to alcohol consumption slightly increases the nadirs, whereas assuming breast cancer to be unrelated to alcohol consumption has no appreciable effect.
Discussion
By combining models for cause specific relative risks we produced age specific and sex specific estimates. The risk of death from alcohol related diseases increases with increasing alcohol consumption at younger ages, but the U shaped curve appears at age 35-55. The nadir increases with age to a maximum of 3 units a week in women and 8 units a week in men aged over 65.
Strengths and weaknesses
One possible weakness of our study is that our risk curves are averages and may not apply to each individual-for example, people with a history of alcohol misuse. Also, the cause specific relative risks may be biased or confounded. To avoid this Corrao and others excluded low quality studies if they differed systematically from high quality studies, explored publication bias, investigated differences between study designs, and excluded studies unadjusted for important confounders if they differed systematically from adjusted studies. 14 15 The results could still be confounded by unmeasured factors. Bias could also have arisen from choice of an incorrect functional form or from wrongly including or excluding particular causes of death. We assumed that relative risk func- 
Box 1: Computing all cause risk by alcohol consumption
For any particular age-sex group, we define x as alcohol consumption in units a week, RR c (x) as relative risk for cause c for alcohol consumption x (compared with non-drinkers), p(x) as the proportion of the population whose alcohol consumption is x, d c as the total number of deaths from cause c in one year, and n as the total population in this age-sex group. RR c (x) may vary with sex; d c , p(x), and n all vary with age and sex.
For x=0, 0.25, 1, 2, . . ., 101, and for each cause c, we estimated the sex specific RR c (x) by using the model 18 19 : log RR c (x)= c1 x+ c2 x 2 + c3 x 3 + csex x.female 0.3% of participants reported consuming more than 100 units a week and were assumed to have mortality risk given by x=101.
The age specific and sex specific absolute 1 year risk for cause c is R c (x) is RR c (x) R c (0). We find R c (0) by equating the total expected deaths x n p(x) RR c (x) R c (0) to the observed deaths d c , giving R c (0)=d c /{n x p(x)RR c (x)}.
For example, suppose that 10 000 men in a particular age group comprise 10% non-drinkers, 50% light drinkers, 30% moderate drinkers, and 10% heavy drinkers, with respective relative risks for injuries 1.0, 1.2, 1.5, and 2.0. In the 1000 non-drinkers (n p(x)) we expect 1000*1.0*R c (0) deaths (n p(x) RR c (x) R c (0)), in the 5000 light drinkers we expect 5000*1.2*R c (0) deaths, and similarly for moderate and heavy drinkers. The total expected number of deaths is {1000*1+5000*1.2+3000*1.5+1000*2.0}*R c (0)=13500*R c (0) ( x n p(x) RR c (x) R c (0)). If in fact we observe 135 deaths (d c ) then we estimate R c (0) as 135/13500=0.01 (d c /{n x p(x) RR c (x)}), and so the absolute risks are 0.01, 0.012, 0.015, and 0.02.
Using similar calculations for all causes, we estimated the age specific and sex specific absolute risk from all causes: R(x)= c RR c (x) R c (0)
Deaths from causes not related to alcohol consumption were treated as a single cause of death with RR c (x)=1 for all x.
The nadir is the level of alcohol consumption at which mortality is least, and is directly estimated once R(x) is known for each x in the grid. For more precise estimates of the nadir we repeated the calculation using alcohol consumption in steps of 0.1 units a week. This also provided a check on the accuracy of the results using the coarser grid: no relative risk displayed in figure 5 was changed by more than 0.004.
Box 2: Standard errors
We first obtained the variance-covariance matrix V c of the estimated regression coefficients b c =(b c1 , b c2 , b c3 , b csex )
T from Corrao and others. 14 15 We computed the variance of the nadir by a parametric bootstrap technique. 24 In this the parameter vector is "resampled" by drawing tions derived for all non-Mediterranean countries applied to England and Wales. The nadir for men may be larger in the United Kingdom than it is in the United States, so we may have underestimated the nadirs for England and Wales. 16 Bias could arise through under-reporting of alcohol consumption. 25 26 If all individuals used in estimating the relative risks or the distribution of alcohol consumption under-report to the same extent, then the nadir is underestimated to this same extent; but heavier drinkers may under-report more. The estimated nadir is therefore the level of reported (rather than actual) alcohol consumption at which risk is minimised. Cohorts with lower mean levels of consumption have lower nadirs for all cause mortality 9 : this could be due to greater under-reporting because of lower public acceptability of alcohol consumption or it could relate to the drinking cultures of different societies. 27 Other possible biases include errors in coding death.
We related risk to average consumption of alcohol. Pattern of drinking is likely to be an important determinant of risk, especially risk of injury. Unfortunately data relating risk to both pattern and amount are minimal. [28] [29] [30] We assumed that cause specific associations between alcohol and risk do not vary with age. This seems plausible and has some empirical support, but future evidence on age specific relative risks could easily be incorporated. 31 32 Breast canceralternative risk function Rectal cancer-women's risk function replaced with that of men's
All nadirs given to nearest 1 unit a week.
We assumed that alcohol consumption only affects short term (5-10 year) risk. If, instead, the risk of cancer at age 75 relates to alcohol consumption at age 50, then in a life course perspective, alcohol consumption is more harmful at age 50 than we have estimated and more beneficial at age 75. Further work and evidence are required to explore this complex alternative.
Finally, we used mortality data for England and Wales in 1997. The nadirs are likely to decline over time in England and Wales if mortality from ischaemic heart disease declines for reasons unrelated to alcohol consumption.
Other studies
In systematic reviews of all cause mortality, the risk was lowest for men drinking 7-14 units a week and for women drinking under 7 units a week. 16 33 These figures agree with our results for older men and women and presumably reflect the older ages of the populations most commonly studied. Studies of younger people have found a positive relation. 34 
35
Implications
If our results are not subject to bias or confounding and if the effects of alcohol consumption act over no more than 5-10 years, then the average person can decrease his or her risk of mortality by drinking at a level nearer the nadir.
Possible evidence based guidelines for sensible drinking can be derived from figure 5 and table 2 if no more than a 5% increase in risk of mortality is considered acceptable. Women would be advised to limit their drinking to 1 unit a day up to age 44, 2 units a day up to age 74, and 3 units a day over age 75. Non-drinking men aged 55-84 have a risk slightly more than 5% above the minimum risk, but we would not encourage these men to drink, because this might increase the overall public health burden of heavier drinking. Men would be advised to limit their drinking to 1 unit a day up to age 34, 2 units a day up to age 44, 3 units a day up to age 54, 4 units a day up to age 84, and 5 units a day over age 85. These levels are similar to current limits at older ages but considerably lower at younger ages.
Alternatively, the 9-32% increase in risk for younger people at the current limits of sensible drinking might be considered acceptable because it implies a smaller absolute increase than the same percentage at older ages, even allowing for additional years of life lost through deaths at a younger age. Public health must also take account of morbidity and social harm, which are harder to measure than mortality but much more adversely affected by alcohol consumption. 36 Finally, as most deaths attributable to alcohol at younger ages are due to injuries, a greater focus could be placed on avoiding risky patterns of drinking rather than on reducing average alcohol consumption. 37 38 We thank Gianni Corrao and Vincenzo Bagnardi for helpful discussions and for analysing their data further for us and Annie Britton for helpful discussions.
Contributors: IRW proposed the study, devised and developed the methods, and drafted the paper; he will act as guarantor for the paper. DRA developed and implemented the methods and contributed to the writing of the paper. KN implemented the methods and contributed to the writing of the paper.
Funding: Alcohol Education and Research Council (grant No R17/97).
Competing interests: None declared.
What is already known on this topic
Non-drinkers and heavy drinkers have higher all cause mortality rates than light drinkers-the U shaped curve
The precise shape and location of the U are likely to depend on age and sex, but this has not been quantified
What this study adds
The level of alcohol consumption that carries the lowest mortality ranges from 0 in men and women aged under 35 to 3 units a week in women aged over 65 and 8 units a week in men aged over 65
The level of alcohol consumption that carries a 5% increase in mortality increases with age from 8 to 20 units a week in women and from 5 to 34 units a week in men Our calculations were for England and Wales in 1997: nadirs are likely to be lower in the future and in countries with less ischaemic heart disease
